Seventh-century Anglo-Saxon England is characterised by great social and religious change.
Introduction
Religious transformation in a society can bring about many changes in human behaviour. Past episodes of such change often gave rise to cultural trajectories that were significantly different from what came before, leading to fundamental shifts in economy, politics, and social stratification; hence an enduring interest for historians and archaeologists.
One such episode was England's conversion to Christianity during the Anglo-Saxon period, beginning late in the Sixth Century AD. Copious historical and archaeological data attest to this time being the setting of major social and religious change, including the establishment of a new political structure. Less is known about how these changes affected the rural populace, especially at the fundamentally important level of subsistence economy, but equally unclear is the degree to which social stratification was reflected in diet. Nor is it understood how widely religious conventions with regard to food were adopted beyond the ecclesiastical context in which they were first developed. Palaeodietary studies, specifically stable isotope analyses of skeletal remains, can address these issues, providing direct evidence of the type of food people ate in the past, complimenting what is known from historical records and other forms of archaeological evidence. A diet rich in meat, for example, which would be expected among individuals of high social rank (e.g. Knipper et al. 2015) , elevates the δ 15 N values of bone to a measurable degree (Schoeninger and DeNiro 1984) . This paper compares measurements obtained from individuals of differing age, sex and social rank, and thereby investigates the influence of social change on diet.
We analysed stable carbon and nitrogen isotopes in samples of bone collagen from two sixth-to eighth-century Anglo-Saxon cemeteries: Polhill, Kent, and Melbourn, Cambridgeshire. We investigated whether wider social and religious changes of the period had an impact on everyday diet, as well as how the cemeteries compared to Anglo-Saxon dietary studies published elsewhere. We reconstructed dietary patterns to compare and understand ways in which communities imposed social stratification, using age, sex and wealth as parameters in the study. The presence of various grave forms at Polhill, and body positions at Melbourn (archaeological indicators of stratification), provided another factor by which to investigate whether distinct burial differences were related to diet.
Historical context
The cemeteries were in use during a transformative period. Over the course of the sixth and seventh centuries, England's conversion to Christianity began in AD 597, when St
Augustine began his mission in the kingdom of Kent (Blair 2005; Higham & Ryan 2013) .
Conversion occurred at different times throughout England, marking a period of transition (Hoggett 2010) . Pagan and Christian religious and burial practices were mixed, as exemplified by the ship burial at Sutton Hoo (Carver 1998 ). Pertinent to our study, the fifthcentury Rule of St Benedict, a book of instructions written by the saint for religious persons in communal living within monasteries, outlines fasting and food stipulations imposed on monastic communities and Christians for a substantial portion of the year (Simon 2009 ). It is not known when exactly these restrictions were enforced among the lay population. Banham (2004) discusses the adherence of such regulations by Anglo-Saxon monastic communities and their reliance on fish for this purpose. Fish is commonly thought to have been the foodstuff consumed during fasting (Simoons 1994 ) but, as Frantzen (2014) points out, little written evidence exists from the period which details the diet of lay people or links fish consumption to religion. Fish consumption linked to Christian fasting practices has been revealed in isotope-palaeodietary studies post-dating 1000 AD in Europe (cf. Barrett & Richards 2004; Ervynck 1997; Müldner & Richards 2005) and is a consistent pattern among ancient Christian monastic communities (cf. Mays 1997; Polet & Katzenberg 2003 ).
However, it should be stressed that any isotopic signal relating to fish consumption is not necessary an indisputable link to Christian observances as regional variation and incidental exploitation of local coastal or riverine resources may also be responsible for such indications. Furthermore, the possibility that religious dietary observance by lay people took another form cannot be excluded.
Archaeological context
The emergence of a kingly elite and hierarchy at this time are readily visible archaeologically (Higham & Ryan 2013) . Exceptionally furnished, distinct burials appear in the funerary record, such as that at Sutton Hoo, which is an exemplar of the changing nature of social structure in Anglo-Saxon society. Hierarchy and stratification were firmly established as reflected in various grave forms. At a local level, those of apparent 'elite' status or aspiring to be, were buried under large mounds or small barrows (present at Polhill), in ship burials or at the very least were accompanied by rich goods (Lucy 2000; Welch 2011; Higham & Ryan 2013) . Although kingship appeared to be on the rise -a case perhaps of the rich getting richer -these lavish burials were not commonplace; indeed, the overall funerary patterns are characterised by fewer grave-goods than in the preceding centuries, and those which were deposited are considered 'basic' (Geake 1997; Welch 2011) . The poor, it seems, were getting poorer at this time, at least on the basis of material grave wealth. The settlement record of the period appears to corroborate the burial evidence that social hierarchy was ever growing in importance (Gardiner 2011; Ulmschneider 2011 ).
Sites
The cemetery of Polhill dates to the late seventh and early eighth centuries, based on grave-goods typologies (Philp 1973) . It is located in western Kent, near Sevenoaks, and is situated inland from the coast or nearest river (Fig. 1) . Two main areas have been excavated, producing a total of 182 burials: the west area (excavated in 1967) and the east area (excavated from 1984 to 1986), as well as some isolated finds. The Polhill individuals analysed in this study are all from the west area. Tables 1 and 2 detail information from those individuals whose age and sex could be determined (Philp 1973; Duncan et al. 2003) . This part of the cemetery produced 107 inhumation graves containing over 125 skeletons (Philp 1973) . Various burial forms were present, the most numerous being multiple burials, with seventeen examples identified. One contained three individuals, the others only two (Philp 1973) . At least ten coffin burials were recorded, in addition to six barrows (with seven individuals), approximately four to five metres in diameter, which seemed to form an alignment in the north-west of the site. Grave-goods were associated with sixty-nine individuals, and at least seventeen had none. Goods included iron knives, jewellery, weaponry, dress accessories and other personal possessions (Philp 1973 (Philp 1973; Duncan et al. 2003) . n  Melbourn  n  1-6 years  16  Immature  11  7-12 years  12  17-25 years  8  13-19 years  ~16  25-35 years  9  20-30 years  ~17  35-45 years  9  31-40 years  20  45+ years  16  41+ years  19  Indeterminate  7  Other Adult  14  Indeterminate  11  Table 2 . Polhill and Melbourn age information, according to original age determinations (Philp 1973; Duncan et al. 2003) .
Polhill
The cemetery at Melbourn located south of Cambridge (Fig. 1) . It was used over the sixth and seventh centuries, roughly from AD 575 to 675 (Duncan et al. 2003) . Excavations in 2000, which followed earlier investigations in the area, produced sixty skeletons from fifty-five graves, alongside seven 'structures' of unknown function around which the graves seemed to gather (Wilson 1956; Duncan et al. 2003) . Tables 1 and 2 quantify those individuals which could be sexed and aged. In so-called 'simple' inhumations, the skeletons displayed various body arrangements (Duncan et al. 2003) . Forty graves contained gravegoods including dress accessories, weapons, vessels and other personal equipment (Duncan et al. 2003) .
Reconstructing diet using stable isotopes
Stable isotopes of carbon and nitrogen are frequently used to investigate diet. Carbon and nitrogen isotopes ratios from bone collagen provide broad details of an individual's protein consumption (Schoeninger 1989) . Broad distinctions between terrestrial and marine/freshwater resources can be made (Brown & Brown 2011) . Carbon isotope ratios distinguish between C3 (e.g. wheats, barley, etc.) and C4 (e.g. maize, millet) plants (Lee- The relatively slow turnover rate of bone tissue ensures that dietary insights are restricted to long-term average reconstructions Lee-Thorp 2008) .
However, ribs for example have a faster turnover rate than long bones or teeth (Malainey 2011) , thus average resolution varies according to which tissue is analysed. Bone collagen is susceptible to degradation through diagenesis (Malainey 2011) , therefore it is imperative that the collagen quality is assessed through a series of independent checks before isotopic data can be considered reliable (section 3.2 below).
Sample and Method
Samples from 116 individuals were analysed: fifty-one from Melbourn and sixty-five from Polhill. The samples were prepared largely following the method outlined in Richard and Hedges (1999) but with slight modifications. One to two grams of long-bone or rib from each individual was collected. The preservation issues associated with human remains hampered the selection of a single bone element. All samples were initially cleaned by sandblasting (air-abrasion), after which 0.5M hydrochloric acid (HCl) was added to each sample for demineralisation. This took two to three weeks. The samples were rinsed in distilled water and placed into pH 3.0 water at 75°C for forty-eight hours for gelatinization.
Following this, the gelatinized protein was filtered before being frozen and subsequently freeze-dried.
For each individual, 0.8±0.1mg dried collagen was analysed in triplicate, in addition to various internal and IAEA internationally referenced standards: caffeine, alanine, protein 2, nylon, and EMC. Samples were analysed in a Costech elemental analyser coupled to a Finnigan Delta V isotope-ratio mass spectrometer. The machine error was ±0.1-0.2 ‰ for The sex determination for individuals remained as those originally made (Philp 1973; Duncan et al. 2003) . Original age determinations were categorized into the following bands for analysis: I = Child, 0-14years; I1 = <6 years; I2 = 6-14 years; J = 14-20 years; A = 20-40 years; M = 40-60 years; S = 60+ years; Ind. = Indeterminate; + (over). Wealth group determinations were made subjectively through considering the number of goods present combined with other heuristics. For example, an individual was deemed to be 'moderately wealthy' if multiple beads or a single high-quality find were present rather than the more commonplace basic iron goods. Individuals were deemed to be 'wealthy' on the basis of the quality of goods (e.g. silver or bronze), as well as number. To determine whether any differences in the isotope results between age, sex, and wealth groups were significant, statistical tests (independent t-tests and one-way ANOVA) were carried out using IBM SPSS™ (Version 22) for Windows. Contemporary faunal assemblages were unavailable, both from sites themselves and from the localities surrounding each site. Published faunal data from neighbouring regions was therefore consulted and used to interpret the results, with the proviso that isotope values are likely to vary somewhat between regions.
Sample Preservation
Isotopic data and associated archaeological information are summarised in Table 3 and Table   4 . All samples produced an atomic C:N ratio between 3.07-3.31, within the accepted 2.90-3.60 range considered to signal good collagen preservation (DeNiro 1985) . Collagen yields varied although all samples produced 1.6% or more. All samples had %C yields in excess of 13% and %N yields in excess of 4.8%, indicative of well-preserved collagen (Ambrose 1990 ). Many were within the ranges of modern carbon (40-50%) and modern nitrogen (15-18%) human collagen (Ambrose 1990 Table 4 . Polhill human archaeological information and isotopic data. Key: A, B, C (see Table 1 key). E -Grave type: Cut = simple, rectangular, cut grave; Multiple = two or more skeletons present in single grave; Barrow = ditched barrow surrounding grave; Coffin = coffin/coffin traces present.
Results

Overall diet
Biplots of human isotopic data for Melbourn and Polhill appear in Figures 2 and 3 respectively. On average, the individuals from Melbourn had slightly more enriched δ 13 C values then those from Polhill, which was statistically significant (t-test, t = 5.063, df=114, p ~ 10 -6 ). protein by all individuals, and no marine intake (Chisholm et al. 1982; Schoeninger & DeNiro 1984) . The possibility that freshwater fish were consumed cannot be excluded, particularly for those individuals with δ 15 N values greater than 10.5‰. The source values of such fish range from 6.6 to 9.5‰ for δ 15 N and -23.7 to -12.7 for δ 13 C (Schoeninger & DeNiro 1984) , although these values can vary considerably according to location (Dufour et al. 1999) and species (Keaveney et al. 2015) . 
Sex
The Melbourn data display similar δ 13 C and δ 15 N ranges when grouped by sex, indicating little sex-based dietary division (see Table 6 ). 
Age
Age-dependent differences between children and adults were evident at Melbourn, (Fig. 2) . Richards et al. 2002) .
Somewhat surprisingly, by contrast, no significant age-dependent differences are evident at Polhill (Fig. 3) . Even among children (n=9) in the sample, I (0 to 14 years) and I2
individuals' isotope values did not in general differ significantly from adults (n=32) and therefore were not obviously differentiated through diet. Two I2 children had higher δ 15 N than the others: POL72 (11.0‰) and POL100 (11.0‰). Neither had outstanding burial features so the reason for this is unclear. One possible explanation for this is if these individuals were at the younger end of the age-band, c. six years, they may have been weaned late. This, combined with slow turnover rates, can result in elevated δ 15 N signals in older children (Lewis 2007) . Alternatively, enriched 15 N values can result from sickness or nutritional stress (Dupras et al. 2001; Katzenberg 2000) , which may have been a factor here, although there is no supporting palaeopathological data for this from the site.
Wealth
The mean δ 13 C and δ 15 N values for both sites grouped according to wealth determination are given in Table 6 . The Melbourn sample displayed no statistically significant differences between wealth groups, or indeed between weapon (n=6) and nonweapon burials, which is another potential indicator of status (Fig. 4) . Rather, mean δ 13 C and Wealth-based differences are more readily discernible at Polhill ( Figure 5 ). Differences were most pronounced in the δ 15 N values, with 'wealthy' (n=6) and 'moderately wealthy' (n=6) groups were noticeably apart from the others. In many past societies it has been shown that archaeological differences in wealth can predict palaeodiet, due to the dietary differences that existed between people of high and low social rank (Knipper et al. 2015) . At Polhill, the 'wealthy' and 'moderately wealthy' means lie at either extreme of the overall δ 15 N range, 9.2‰ and 10.6‰ respectively. The two wealthy and 'none/basic (5 or less)' groups had statistically significant differences in δ 15 N values (F (2, 62) = 6.311, p < 0.05 (=0.003)). Posthoc Bonferroni tests showed that the 'none/basic' and 'moderately wealthy' groups (p=0.012) differed as did the 'moderately wealthy' and 'wealthy' groups (p=0.003). Although differences between the groups exist, their interpretation is somewhat difficult, as there is no consistent correlation between the wealth and dietary factors. Weapon (n=10) and nonweapon burials were found to be indistinct. Table 6 shows the mean values for δ 13 C and δ 15 N at both sites according to other notable burial features. At each cemetery, only one distinct feature was present, each of a different form and not directly comparable. At Melbourn, this factor was the variety of body arrangements present. Whether this was linked to social organisation or not, the isotopic data shows that this differentiation in death does not correspond to dietary distinctions in life. At
Burial Feature
Polhill, this factor consisted of different grave forms, which provided a strong indicator that certain members of society were distinguished from others. Although a cursory inspection of the data suggests there were relatively consistent isotopic differences between grave forms, especially in terms of δ 15 N. Those in multiple burials (n=26) had the lowest 15 N values of any grave form; suggesting a diet lacking in meat, and interestingly these burials were also associated with unspectacular grave-goods. However, the differences were not statistically significant due to the variability of the results from single burials.
Discussion
We can infer from our data that there were no sex-based dietary differences in either the Melbourn or Polhill cemetery populations. Gendered roles for individuals can be inferred from the funerary record (cf. Williams 2011) which could provoke speculation as to whether there were dietary differences between sexes too, but we have not found the data to substantiate this. The diets of children appear to have been differentiated from adult groups at Melbourn. At Polhill, wealth seems to have been a determining factor in diet, although it is somewhat strange that it was the 'moderately wealthy' and not the wealthiest group that had the highest δ 15 N values and hence the best evidence for the consumption of high-status food such as meat. At the Anglo-Saxon cemetery of Berinsfield in Oxfordshire, the wealthiest individuals similarly had the lowest δ 15 N values but there, paradoxically, the poorest individuals who had the highest δ 15 N (Privat et al. 2002) . The situation at Polhill is different.
It is unclear why those with middling wealth were set apart and consumed more animal protein than others. This incongruity of dietary organisation and social stratification between populations is not unique to England at this time. In early medieval (seventh to ninth centuries) southern Bavaria, the cemeteries of Großmehring and Etting produced isotopic evidence for individuals consuming more animal protein which correlated with the archaeological evidence for high-status (i.e. burial in distinct, separate, circular enclosures) (Czermak et al. 2006) . In contrast, the isotopic and archaeological evidence from Kelheim cemetery was indicative of a 'less socially stratified' community (Czermak et al. 2006) . In a follow-on study with the addition of two more cemeteries (Enkering and Unterigling), Strott et al. (2008) also were unable to identify dietary stratification patterns common to all populations. It is clear that the relationships between wealth, status and diet in the past were highly nuanced, and as the work reported here demonstrates, it is perhaps naïve to expect a simple correlation between the archaeological and palaeodietary factors. Indeed, this is also true of evidence for social stratification throughout the archaeological record. At both cemeteries, those individuals buried with a relatively large number of grave-goods were not necessarily found in a distinct grave form such as a coffin or mound. Similarly, there was no clear pattern in body arrangement. Discrepancies between archaeological indicators such as these remind us that a relationship between status and apparent "wealth" should not always be assumed and is likewise complex.
In this analysis, the influence of religion on diet forms only a minor component but is nonetheless important to consider due to the Conversion-period context of the cemeteries.
There was no evidence for elevated fish consumption or any other distinct signal which crosscuts all factions of society regardless of age, sex, or status at either site studied. Either of these signals may have suggested a religious influence of dietary patterns. It should be noted that despite the burials at Melbourn and Polhill dating to the Conversion period, there is no explicit ecclesiastical association at either site -whether by known historical association, as is the case at Westfield Farm and its proximity to Ely monastery or from grave-goods; e.g. the cross pendant at Westfield Farm or the silver spoons inscribed with the names Saul and Paul, both Christian saints, from Sutton Hoo (Carver 1998) .
Mean values for Melbourn and Polhill, alongside other earlier and contemporary
Anglo-Saxon cemetery populations, are displayed in Figure 6 . Published faunal data from regions as close to the sites possible provide information on dietary sources and a baseline for the human data ( Figure 7 ; Table 7 ; see also Figure 1 for locations). Table 7 : Baseline faunal isotope data (mean ± standard deviation).
The fauna from Berinsfield provide the best --and only --appropriate comparison, being located between Melbourn and Polhill. Carlton Colville is exceptional in its coastal regional location and he animal assemblages there were very small, hampering statistical analysis. The Polhill (n=65) Melbourn ( Disregarding the slight distinctions seen in the wealthier Polhill groups and the childadult division at Melbourn, the presence of otherwise negligible differences between most social groups raises the question as to whether they are meaningful at all. It is reasonable to suggest that the majority of differences may instead simply reflect biological variation between individuals. The basic premise that dietary differences are always reflected in the isotopic composition of collagen should also be questioned. As we have demonstrated, it cannot be assumed that differences in diet will be substantial enough to leave a signature, despite archaeological and historical indications that such differences may be expected. If social differentiation through food consumption was not highly prioritised or stringently upheld, we would expect the relatively narrow isotopic ranges that we found. No one group differs isotopically from another by a substantial degree. At Melbourn and Polhill, outward displays of social distinction, those made through the number and quality of grave-goods and grave form, took precedence over any which could be made through the daily intake of food. Another limitation of the current study is the potential noise introduced by different skeletal elements sampled for analysis, given the differing turnover rates of bone tissue. A productive next step in investigating diet in the Conversion period would be to study stable isotopes in tandem with other proxy indicators of diet such as the prevalence of developmental disease, tooth wear, archaeobotany, zooarchaeology, palaeoecology, and historic records. This may reveal information about rural subsistence that no one proxy can reveal on its own.
Conclusions
Our comparative study analysed samples from 116 individuals from the cemeteries at Melbourn and Polhill, mainly used during the seventh century. The isotopic data revealed that diets in both communities were noticeably similar, indicative of diets based on temperate, terrestrial C3 plants, with the regular consumption of animal protein and possibly some freshwater resources. Closer examination reveals only negligible differences between certain social groups.
In their wider multi-regional setting, Anglo-Saxon populations display overwhelmingly similar isotopic ranges, even with those that are chronologically earlier and later. This perceived uniformity reveals that food was an element of daily life which was relatively immune to drastic change and which remained largely consistent, against a backdrop of social reform. Even the extreme religious changes of the time do not appear to have influenced diet, at least not in any clear, isotopically-visible way.
Much like the process of social stratification, the conversion to Christianity and any obligation it may have stipulated was not simple and rigidly set from the beginning. Dietary differences may still have been enforced, for example whether certain groups had certain meat cuts or obtained protein from meat or animal by-products, but the evidence here suggests no one social group consumed significantly more quantities of animal protein or terrestrial plants than any other. This still speaks of social homogeneity of sorts. The often stated increasingly hierarchical nature of society from the sixth and seventh centuries can be challenged, at least in this aspect of daily life. This study highlights the underlying complexities of the process of social stratification, which is so commonly considered one of the main characteristics of the sixth to seventh centuries. From the isotopic data, it appears that individual communities intentionally chose their own mode of social organisation (or lack thereof), at least through diet.
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